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(54) DISTRIBUTED MODULAR 1/0 DEVICE WITH CONFIGURABLE SINGLE-CHANNEL I/O

SUBMODULES

(57)  An input/output (//O) device for a distributed
modular I/O system includes a base adapted to be con-
nected to an associated support structure. A terminal
block is connected to the base and includes a plurality
of wiring connections adapted to be connected to field
wiring of an associated controlled system. The I/O device
further includes first and second 1/0O modules each in-
cluding a plurality of removable single-channel I/O sub-
modules that are each releasably connected to the base
and each configured for a select 1/O operation for input
and output of data relative to the associated controlled
system. One or more pairs of the single-channel I/O sub-
modules can be configured to be redundant within or be-
tween the first and second I/O modules. Each of the sin-
gle-channel I/O submodules is operatively connected to
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wiring connections of the terminal block through the base.
The 1/O device further includes first and second network
switches connected to the base. The first and second
network switches are adapted to be respectively con-
nected to first and second backplane circuits. The I/O
device further includes first and second system modules
connected to the base and each respectively connected
to both of the first and second network switches. The first
and second system modules are also each respectively
operatively connected to all of the removable sin-
gle-channel /0 submodules of both of the first and sec-
ond I/0 modules such that the first and second system
modules control communication of I/O data between the
firstand second network switches and the single-channel
1/O submodules.
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Description
Field
[0001] The present development relates to industrial

automation control systems and, more particularly, to a
distributed modular input/output (1/O) device with config-
urable single-channel /0 submodules. The system is
adapted to provide enhanced flexibility and fault toler-
ance as required for certain applications such as a dis-
tributed control system (DCS) for process control or for
other applications requiring high availability, i.e., a high
MTTF (mean time to failure) combined with a low MTTR
(mean time to repair).

Background Information

[0002] Distributed modular input/output (1/0) systems
for industrial automation control systems are well-known
and in widespread use. Referring to FIG. 1, a known dis-
tributed modular I/0 system 10 includes a network adapt-
er 12 that is operatively connected to an industrial auto-
mation network N such as an Ethernet/IP network or other
industrial automation network so that the network adapter
12 receives data from, transmits data to, and otherwise
communicates with an industrial control module or "con-
troller" C also connected to the network N. The controller
C comprises one or more programmable logic controllers
(PLC), microprocessors, and/or other electronic proces-
sors programmed and configured for controlling an in-
dustrial machine, process, or other associated controlled
system CS.

[0003] The adapter 12 includes an adapter base 12a
thatis mounted to a DIN rail D or other support structure,
and an adapter module 12b is permanently or releasably
connected to the adapter base 12a. The adapter module
12b includes electronic circuitry for data communication
with the controller C via network N and for data commu-
nication with multiple 1/0O devices 20 of the system 10
that are operably connected to the adapter 12 as de-
scribed below. The adapter 12 comprises one or more
network connectors NC for connecting with the network
N via known connectors such as RJ45 connectors, Small
FormFactor Pluggable (SFP) connectors, or the like. The
adapter 12 typically also includes a power input terminal
PT for connecting with a source of electrical power for
supplying electrical power to the adapter module 12 and
to the 1/0 devices 20 and other components operatively
connected to the adapter 12 and/or I/O devices 20.
[0004] Asnoted above, one ormore I/O devices 20 are
operably connected to the adapter 12 for communication
of data between the I/O devices 20 and the adapter 12.
The 1/O devices 20 each include an I/O base 20a also
mounted to the DIN rail D or other support structure, with
a first /0O base 20a located adjacent and operably phys-
ically and electrically connected to the adapter base 12a
by mating first and second multi-contact electrical con-
nectors K located respectively on the I/O base 20a and
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the adapter base 12a. Additional I/0O bases 20a can be
operably physically and electrically connected together
one after the other in a sequential manner by successive
mating first and second multi-contact electrical connec-
tors Klocated respectively on the adjacent I/O bases 20a
such that a modular backplane circuit or backplane net-
work (generally "backplane" and illustrated as a broken
line 14) is physically and electrically constructed and
adapted for communicating electrical power and data
from and between the adapter 12 and each of the suc-
cessively connected I/O devices 20 such that each I/O
device 20 is operably connected through the backplane
14 to the to the network adapter 12 and, thus, to the
controller C.

[0005] In addition to the I/O base 20a, each I/O device
20 further comprises an /0 module 20b removably or
permanently operatively connected to the 1/0 base 20a
such that the installed /0 module 20b also communi-
cates with the network adapter module 12b and the con-
troller C over the backplane 14 whereby input/output data
are provided between the controller C and each I/O mod-
ule 20b via backplane 14. Each installed I/O module 20b
is selected and configured with electronic circuitry to per-
form one or more specialized input/output functions such
as DC data input and/or output, AC data input and/or
output, analog data input and/or output, Highway Ad-
dressable Remote Transducer (HART) input/output,
RTD and/or thermocouple input and/or output, or similar
industrial machine control and/or process data as is gen-
erally known in the field of industrial automation.

[0006] Each I/O base 20a further includes a terminal
block 20c comprising a plurality of cage clamps, spring
clamps, screw terminals, or other wiring connectors 20d
that are adapted to be connected to field cables or field
wires FW that are each associated with a field device FD
that is typically an analog or digital device such as a sen-
sor, flow meter, switch, probe, thermocouple, RTD, en-
coder, or the like that is associated with the process or
machine being controlled (the controlled system CS) by
the controller C. The terminal block 20c can be a separate
structure that is connected to the 1/0 base 20a or can
alternatively be defined as an integral or one-piece part
of the 1/0O base 20a. Either way, the wiring connectors
20d thereof are electrically connected to the installed I/O
module 20b for data communication there between. Dif-
ferent varieties of terminal blocks 20c can be used de-
pending upon the particular configuration required for the
field device wiring connectors 20d, with some having dif-
ferent common terminals, ground connections, voltage
supply terminals, and the like. The 1/O module 20b and
wiring terminals 20d of the terminal block 20c of a par-
ticular I/O base 20a are in operative connection with each
other through a circuit board or other connection in the
base 20a. Input/output data are provided between the
controller C and field device(s) FD connected to the cor-
responding I/O base 20a via backplane 14 and the net-
work adapter module 12b. The I/O module 20b imple-
ments the above-described 1/O functions on multiple dif-
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ferent1/O channels, e.g., 8 channels, each of which chan-
nels is associated with one or more dedicated wiring con-
nectors 20d (e.g., each channel is associated with a cer-
tain column of wiring connectors 20d) of the terminal
block 20c connected to the same 1/O base 20a.

[0007] FIG. 2 is a schematic representation of the dis-
tributed modular input/output (1/0) system 10 of FIG. 1.
As shown at 20’, it is generally known in the art to provide
one or more of the 1/0 devices 20 as a configurable 1/0
device 20’ including multiple individual single-channel /O
submodules 20s1,20s2, ... 20sn (generally 20s), that are
selectively operatively installed and removed in a releas-
able manner with respect to the I/O base 20a. The plu-
rality of installed /0 submodules 20s together define an
1/0 module 20b’ that provides the required input/output
functionality as described above for the I/O modules 20b
of the 1/0 devices 20. Each installed single-channel 1/0
submodule 20s includes the required electronic circuitry
to implement a single I/O data channel and is operatively
respectively connected to one or more dedicated wiring
connectors 20d of the associated terminal block 20c¢ con-
nected to the same I/O base 20a. The I/O submodules
20s each include the required electronic circuitry to per-
form a particular type of /0 operations, such as digital
data input/output, analog data input/output, safety data
input/output, HART data input/output, RTD data in-
put/output, thermocouple data input/output, and other
data input and output with respect to the associated con-
trolled system CS (FIG. 1). As such, the configurable I/O
device 20’ can be configured or customized as required
for a certain application to include the required types and
amounts of I/O submodules 20s needed for input and
output of data on multiple channels with respect to a par-
ticular controlled system CS depending upon the sensors
and other field devices FD being used.

[0008] Those of ordinary skill in the art will recognize,
however, that the known configurable single-channel I/O
device 20’ does not provide a redundant, fault-tolerant
system insofar as the single-channel I/O submodules 20s
are concerned. If any one of the single-channel 1/O sub-
modules 20s fails, there is no corresponding redundant
single-channel 1/0O submodule 20s provided as part of
the same 1/O device 20’ and operating in parallel with the
failed 1/0 submodule 20s that continues to perform the
same |/O operations as the failed submodule 20s to allow
for repair or replacement of the failed submodule 20s
without interrupting operation of the 1/0 device 20’ and
any controlled systems CS operatively connected to the
1/0 device 20’. Instead, operation of the known I/O device
20’ must be interrupted to remove and replace the failed
single-channel I/O submodule 20s. This lack of redun-
dancy for known customizable single-channel 1/0O sub
modules 20s is undesirable in many industrial automation
control applications, such as distributed control systems
for process and plant control where continuous and un-
interrupted operation of the controlled process or system
is required.
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Summary

[0009] In accordance with one aspect of the present
development, an input/output (1/0) device for a distribut-
ed modular I/O system includes a base adapted to be
connected to an associated support structure. A terminal
block is connected to the base and includes a plurality
of wiring connections adapted to be connected to field
wiring of an associated controlled system. The I/O device
further includes first and second 1/0O modules each in-
cluding a plurality of removable single-channel /O sub-
modules that are each releasably connected to the base
and each configured for a select I/O operation for input
and output of data relative to the associated controlled
system. Each of the single-channel /O submodules is
operatively connected to wiring connections of the termi-
nal block through the base. The I/O device further in-
cludes first and second network switches connected to
the base. The first and second network switches are
adapted to be respectively connected to first and second
backplane circuits. The I/O device further includes first
and second system modules connected to the base and
each respectively connected to both of the first and sec-
ond network switches. The first and second system mod-
ules are also each respectively operatively connected to
all of the removable single-channel 1/0O submodules of
both of the first and second I/O modules such that the
first and second system modules control communication
of I/O data between the first and second network switches
and the single-channel I/O submodules.

Brief Description of the Drawings

[0010]

FIG. 1 shows an example of an industrial control sys-
temincluding a known distributed modular input/out-
put (I/O) system;

FIG. 2 provides a schematic representation of the
known distributed modular input/output (1/0) system
of FIG 1 and further shows a known configurable
removable single-channel /0 submodule arrange-
ment;

FIG. 3 illustrates a distributed modular input/output
(I/O) system formed in accordance with an embod-
iment of the present development including an ex-
ample of an 1/O device with configurable removable
single-channel I/O submodules;

FIGS. 4 and 5 are respective top and isometric views
ofthe configurable I/O device portion of FIG. 3 shown
by itself.

Detailed Description

[0011] FIG. 3 shows a distributed modular I/O system
110 in accordance with an embodiment of the present
development. The distributed modular /O system 110
includes a network adapter 112 that is operatively con-
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nected to at least one industrial automation network
N1,N2. As shown herein, the network adapter 112 is con-
nected to first and second redundant industrial automa-
tion networks N1,N2 such as first and second Parallel
Redundancy Protocol (PRP) LAN networks or the like
such as Ethernet/IP networks or other industrial automa-
tion networks so that the network adapter 112 receives
data from, transmits data to, and otherwise communi-
cates with one or more industrial control modules or "con-
trollers" C1,C2 that are each connected to both of the
networks N1,N2. The controllers C1,C2 comprises one
or more programmable logic controllers (PLC), micro-
processors, and/or other electronic processors for ma-
chine and/or process control.

[0012] The network adapter 112 includes an adapter
base 112a that is mounted to a rail D’ or other support
structure. The network adapter 112 further comprises
firstand second identical or otherwise redundant adapter
modules 112b1,112b2 that are operating in parallel with
each other and each of which is releasably connected to
the adapter base 112a. Each adapter module
112b1,112b2 is operably connected to both the first and
second networks N1,N2 by connections in the adapter
base 112a and each adapter module 112b1,112b2 in-
cludes the electronic circuitry for data communication da-
ta with the controllers C1,C2 via networks N1,N2 and for
data communication with multiple I/O devices 120 of the
system 110 as described below.

[0013] In the illustrated embodiment, the adapter 112
includes first and second media landing modules
115a,115b that are removably connected to the adapter
base 112a. The first and second media landing boards
115a,115b are operatively connected respectively to the
first and second adapter modules 112b1,112b2 through
the adapter base 112a. The media landing boards
115a,115b each include at least two network connectors
NC such as RJ45 connectors, Small FormFactor Plug-
gable (SFP) connectors, optical fiber connectors, and/or
the like, and the first and second industrial networks
N1,N2 are each connected to both of the first and second
media landing boards 115a,115b by the network connec-
tors NC such that both of the first and second networks
N1,N2 and both of the controllers C1,C2 are operatively
connected to both of the first and second adpater mod-
ules 112b1,112b2 through the media landing boards
115a,115b.

[0014] Thenetwork adapter 112 further comprises first
and second redundant power conditioning modules
116a,116b connected to the adapter base 112a and each
including a power input terminal PT for connecting with
atleastone source of electrical power such that the power
conditioning modules 116a,116b supply system electri-
cal power to the network adapter 112 through the adapter
base 112a and to the I/O devices 120 and other compo-
nents operatively connected to the adapter 112 and/or
1/0 devices 120 through the backplane 114. As shown
herein the power input terminals PT are removably con-
nected to the adapter base 112a and are operably con-
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nected to the respective power conditioning modules
116a,116b through the adapter base 112a.

[0015] The I/O system 110 further comprises one or
more I/O devices 120 (only one shown) that each include
an I/O base 120a also mounted to the support rail D’ or
other support structure, with afirst /0O base 120a located
adjacent and operably physically and electrically con-
nected to the adapter base 112a by first and second mat-
ing multi-contact electrical connectors K located respec-
tively on the I/O base 120a and adapter base 112a. Ad-
ditional I/O bases 120a are operably physically and elec-
trically connected together one after the other in a se-
quential manner by successive mating of first and second
multi-contact electrical connectors K of the adapter base
112a and/or 1/0O base 120a such that a modular back-
plane circuit or backplane network (generally a "back-
plane" and schematically illustrated at 114) is physically
and electrically constructed and adapted for communi-
cating system electrical power and data to and between
the adapter 112 and the connected I/O devices 120 and,
thus, to the first and second industrial networks N1,N2
and the first and second controllers C1,C2. To facilitate
an understanding of the present development, FIG. 3
schematically shows the backplane 114 as being exter-
nal to the 1/0 device 110, but those of ordinary skill in the
art will recognize that the backplane circuit or network
114 is physically and electrically constructed within and
extends through printed circuit boards and other circuitry
located in the adapter bases 112a and the successively
connected I/O bases 120a via mated connectors K.
[0016] In addition to the I/O base 120a, the I/O device
120 further comprises at least two 1/0 modules 120b
(shown herein as four 110 modules
120b1,120b2,120b3,120b4) operatively removably con-
nected to the I/O base 120a in respective mounting slots
via electrical connectors such that each of the installed
1/0 modules 120b is operatively connected to the back-
plane 114 and communicates with the network adapter
112 and the first and second controllers C1,C2 over the
backplane 114 whereby input/output data are provided
between the controllers C1,C2 and each |/O module
120b. Each installed I/O module 120b is selected and
configured to perform one or more specialized input/out-
put data and signal functions such as DC input, DC out-
put, AC input, AC output, safety input/output, HART in-
put/output, RTD and/or thermocouple input and/or out-
put, or other analog or digital input/output. In one embod-
iment, at least two of the I/O modules 120b are identical
to each other and operated in parallel with each other to
provide a redundancy with respect to each other.
[0017] Eachl/Obase 120afurtherincludes atleastone
terminal block 120c comprising a plurality of cage
clamps, spring clamps, screw terminals, or other wiring
connectors 120d that are adapted to be connected to
field cables or field wires FW that are each associated
with a field device FD that is typically an analog or digital
device such as a sensor, flow meter, switch, probe, ther-
mocouple, RTD, encoder, or the like that is associated
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with the process or machine being controlled (the asso-
ciated controlled system CS) by the controllers C1,C2.
Each terminal block 120c can be a separate structure
thatis assembledtothe I/0 base 120aor can alternatively
be defined as an integral or one-piece part ofthe I/O base
120a. Different varieties of terminal blocks 120c¢ can be
used depending upon the particular configuration re-
quired for the field device wiring connectors 120d, with
some having different common terminals, ground con-
nections, voltage supply terminals, and the like. Each
installed 1/0 module 120b communicates with the field
device wiring connectors 120d of the terminal block 120c
connected to the same 1/0O base 120a on which the I/O
module 120b is physically installed. Input/output data are
provided between the controllers C1,C2 and field de-
vice(s) FD connected to the corresponding I/O base 120a
via backplane 114 and the network adapter modules
112b1,112b2. In the case where two of the installed 1/0
modules 120b are configured to be operated in parallel
and redundant with respect each other, those redundant
1/O modules will share a common terminal block 120c
such that the redundant I/O modules 120b3,120b4 are
operably connected to the same field wiring FW to send
data to and receive data from the controlled system CS.
[0018] The network adapter 112 includes firstand sec-
ond independent "adapter" Ethernet switches 130a,130b
that each are operably connected to, form part of, and
establish the backplane 114. Similarly, each I/O device
120 includes first and second independent "lI/O module"
Ethernet switches 132a,132b thateach are operably con-
nected to, form part of, and establish the backplane 114.
The switches 130a,130b (generally 130) of the network
adapter 112 and the switches 132a,132b (generally 132)
of each I/0 module 120 can be and are identical in the
present embodiment but they are numbered differently
herein to facilitate the description of their operation. In
each case, the Ethernet switches 130,132 perform a
packet switching operation that directs Ethernet network
trafficfrom an input port of the switch to a particular output
port of the same switch using an address such as the
Media Access Control address(es) (MAC addresses) of
the device(s) connected to the output port of the switch
130,132. As used herein, the term "Ethernet switch" is
intended to encompass any multi-port Ethernet network
device that maps/directs network data from a first (input)
port on the switch device 130,132 to a second (output)
port on the switch device 130,132 using information con-
tained in the network data that describes the intended
destination for the network data. Although the present
development is described with reference to an Ethernet-
based backplane 114, any other suitable backplane net-
work/protocol can be used.

[0019] With respect to the network adapter 112, each
Ethernet switch 130 is physically connected to the adapt-
erbase 112a, preferably by areleasable mechanical con-
nection such as a slot with a connector or the like. Like-
wise, with respect to each I/0O device 120, each Ethernet
switch 132 is physically connected to the 1/0 base 120a,
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preferably by a releasable mechanical connection such
as a slot with a connector or the like. For both the network
adapter 112 and each 1/O device 120, each Ethernet
switch 130,132 is operably connected to the backplane
114 for communication of data on the backplane 114.
The switches 130a,130b can be powered by a separate
electrical power connection through the bases
112a,120a and/or using a Power over Ethernet (PoE)
connection or other power delivery method through the
backplane network 114, itself. The first and second Eth-
ernet switches 130a,130b of the network adapter 112
respectively establish and maintain first and second Eth-
ernet backplane networks 114a,114b that are completely
redundant and independent with respect to each other.
[0020] The first and second Ethernet switches
132a,132b of each I/O device 120 are each operatively
connected through the 1/0O base 120a to each installed
I/0O module 120b (120b1,120b2,120b3,120b4) for data
communication there between. Because the first and
second backplane circuits / backplane networks
114a,114b are physically constructed through the bases
112a,120a and connectors K, the first adapter Ethernet
backplane switch 130a and the first I/O device Ethernet
backplane switches 132a of the successive 1/0 devices
120 are connected together in a serial or daisy-chain
manner through the adapter 112 and the successively
adjacent /O devices 120 toform the firstbackplane 114a.
Similarly, the second adapter Ethernet backplane switch
130b and the second I/O device backplane switches
132a of the successive I/O devices 120 are connected
together in a serial or daisy-chain manner through the
adapter 112 and the successively adjacent 1/0O devices
120 to form the second backplane 114b.

[0021] As shown in FIG. 3, the distributed 1/0 system
110 further comprises a configurable, single-channel /O
device 220 formed in accordance with an embodiment
of the present development and comprising a plurality of
removable and replaceable single-channel /O submod-
ules 220s. FIGS. 4 and 5 illustrate the configurable 1/O
device 220 by itself (in FIG. 5, the terminal block(s) 220¢c
is/are shown only in simplified broken lines). Except as
otherwise shown and/or described herein, the I/O device
220 is identical to the 1/0O device 120 described above,
and similar components are identified using reference
numbers that are 100 greater than those used above to
describe the I/O device 120. The configurable I/O device
220 includes a configurable 1/0 base 220a adapted to be
mounted to the support rail D’ or other support structure.
The I/O base 220a includes the above-described firstand
second multi-contact electrical connectors K (first con-
nector K1 and second connector K2) such that the I/O
base 220a can be operatively connected to either the
adapter base 112a via first connector K1 or another I/O
base 120a,220a viafirst and/or second connectors K1,K2
to form part of the backplane 114.

[0022] The configurable I/O device 220 further com-
prises a terminal block 220c connected to the base 220a.
The terminal block 220c includes field wiring connectors
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220d, corresponding respectively to the terminal block
120c and its field wiring connectors 120d as described
above.

[0023] Like the 1/O device 120, the configurable I/O
device 220 includes first and second independent "I/O
module" Ethernet switches 232a,232b (generally re-
ferred to as Ethernet switches 232) that each are oper-
ably connected to, form part of, and establish the back-
plane 114. The switches 232a,232b are identical to and
function identically to the switches 132a,132b described
above except as otherwise noted. Each Ethernet switch
232a,232b is physically connected to the configurable
I/O base 220a, preferably by a releasable mechanical
connection such as a slot including a backplane connec-
tor. The first Ethernet switch 232a is operably connected
to and forms part of the first backplane network 114a,
and the second Ethernet switch 232b is operably con-
nected to and forms part of the second backplane net-
work 114b. The switches 232 can be powered by a sep-
arate electrical power connection through the base 220a
and/or using a Power over Ethernet (PoE) connection or
other power delivery method through the backplane net-
work 114, itself.

[0024] The I/O device 220 further comprises at least
two configurable I/O modules such as the illustrated first
and second configurable I/O modules 220b1, 220b2 (re-
ferred to collectively as configurable 1/0O modules 220b).
Unlike the 1/0 modules 120b described above, the con-
figurable I/O modules 220b are each defined by and com-
prise a plurality of separate individual I/O segments or
1/0 submodules 220s that are each selectively installed
on and removable from the I/O base 2204, i.e., a first
group or plurality of I/O submodules 220s define the first
1/0 module 220b1 and a second group or plurality 220s2
of I/0O submodules 220s define the second /O module
220b2. In the illustrated example, the first and second
/0 modules 220b1,220b2 each comprise eight, single-
channel 1/0 submodules such that the first and second
1/0 modules 220b1,220b2 each comprise eightindividual
1/0 data channels. Each of the I/O submodules 220s in-
cludes the required electronic circuitry to perform a par-
ticular type of data input/output 1/O operation, such as
DC input, DC output, AC input, AC output, safety in-
put/output, HART input/output, RTD and/or thermocou-
ple input and/or output, or other analog or digital in-
put/output for data and signals. Furthermore, each 1/O
submodule 220s is associated with a single, dedicated
I/O data channel that is operatively connected to a group
of one or more wiring connectors 220d of a/the terminal
block 220c (e.g., a particular column of wiring connectors
220d). In this manner, a field device FD connected to the
one or more wiring connectors 220d associated with a
particular I/O data channel will be operatively connected
to the corresponding 1/0 submodule 220s associated
with that same channel. As noted above, the 1/O sub-
module 220s is selected to be the appropriate 1/0 type
(analog, digital, etc.) as required for the particular field
device FD connected to its associated 1/0 data channel.
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[0025] The configurable I/O device 220 further com-
prises first and second system modules 250a,250b that
are each removably mechanically connected to the con-
figurable I/0 base 220a by a slot with a connector or other
releasable mechanical connection. Each of the first and
second system modules 250a,250b is operably connect-
ed to both of the first and second backplane networks
114a,114b through a circuit board or other connection
located in the configurable I/O base 220a as shown by
the broken lines 252. Each of the first and second system
modules 250a,250b is further operatively connected to
both of the first and second configurable I/O modules
220b1,220b2 and all of the I1/O submodules/segments
220s thereof through a circuit board or other connection
in the configurable base 220a. Each of the first and sec-
ond system modules 250a,250b includes electronic cir-
cuitry required to communicate input/output data to and
from the backplane 114 (the first and second backplane
networks 114a,114b) and to and from each configurable
1/0 module 220b and any particular I/O submodule 220s.
The first and second system modules 250a,250b each
thus provide a data interface circuit between the back-
planes 114a,114b and each of the single-channel I/O
submodules 220s. The first and second system modules
250a,250b are completely redundant with respect to
each other such that if one of them should fail, it can be
removed from the configurable 1/0 base 220a and re-
placed without interruption of the operation of the I/O de-
vice 220.

[0026] The configurable I/O device can be setup such
that the first and second configurable I/O modules
220b1,220b2 are completely redundant with respect to
each other or such that any pair or multiple pairs of two
single-channel submodules 220s can be made redun-
dant with respect to each other. Accordingly, it is pre-
ferred that the submodules 220s of the first /O module
220b1 be visually aligned in rows (as shown) or otherwise
aligned respectively with the submodules 220s of the
second I/O module 220b2 to facilitate user association
of the redundant submodules 220s with respect to each
other. In the case illustrated herein where each single-
channel 1/0 submodule 220s of one of the configurable
1/0 modules 220b1 is configured to be redundant with a
corresponding one of the single-channel I/O submodules
220s of the other configurable submodule 220b2, the first
and second configurable 1/0 modules are 100% redun-
dant with respect to each other and thus are operably
connected to and share a single common terminal block
220c that bridges the first and second terminal block
mounting locations 221a,221b (FIG. 5) of the configura-
ble 1/0 base 220a as shown in FIGS. 3 & 4. Alternatively,
all of the single-channel I/O submodules 220s of each
configurable /0O module 220b1,220b2 can be configured
to be independent from all other single-channel 1/O sub-
modules 220s such that the first and second configurable
1/0 modules 220b1,220b2 are 100% independent with
respect to each other, in which case first and second
independent terminal blocks 220c will be connected to
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the configurable base 220a (as shown in broken lines in
FIG. 5). Redundancy between first and second single-
channel I/O submodules 220s is preferably provided us-
ing firstand second single-channel I/O submodules 220s
that are part of different I/O modules 220b (i.e., one of
the redundant submodules 220s in the first configurable
I/O module 220b1 and the other of the redundant sub-
modules 220s in the second configurable 1/0 module
220b2), but the redundant single-channel /0O submod-
ules 220s can be provided as part of the same config-
urable I/O module 220b.

[0027] FIG. 5 illustrates first and second different al-
ternative mechanical latching structures for releasably
connecting the single-channel /O submodules 220s to
the configurable 1/0 base 220a. The submodules 220s
of the first configurable 1/0 module 220b1 each includes
a twist-latch 260 comprising a slotted head 262 adapted
to be engaged by a tool for rotation of the latch 260 to
disengage the latch 260 and release the submodule 220s
from the base 220a. The submodules 220s of the second
configurable I/O module 220b2 each includes a push-
button latch 270 comprising a projecting button 272 that
is adapted to be manually engaged (e.g., depressed) by
a user to disengage the latch 270 and release the sub-
module 220s from the base 220a. Alternatively, any other
latch (or no latch) can be used to secure the submodules
220s to the base 220a.

[0028] In the preceding specification, various embod-
iments have been described with reference to the ac-
companying drawings. It will, however, be evident that
various modifications and changes may be made thereto,
and additional embodiments may be implemented, with-
out departing from the broader scope of the invention as
set forth in the claims that follow. The specification and
drawings are accordingly to be regarded in an illustrative
rather than restrictive sense.

Claims

1. Aninput/output (1/O) device for a distributed modular
1/0O system, said I/O device comprising:

a base adapted to be connected to an associat-
ed support structure;

a terminal block connected to the base and in-
cluding a plurality of wiring connections adapted
to be connected to field wiring of an associated
controlled system;

first and second /0O modules each comprising
a plurality of removable single-channel I/O sub-
modules that are each releasably connected to
the base and each configured for a select 1/0
operation for input and output of data relative to
the associated controlled system, each of said
single-channel I/O submodules operatively con-
nected to wiring connections of the terminal
block through the base;
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first and second network switches connected to
the base that are adapted to be respectively con-
nected to first and second backplane circuits;
first and second system modules connected to
the base and each respectively connected to
both of the first and second network switches
and each respectively operatively connected to
all of the removable single-channel I/O submod-
ules of both of the first and second 1/0 modules
such that the first and second system modules
control communication of I/O data between the
first and second network switches and the sin-
gle-channel I/O submodules.

The I/O device as set forth in claim 1, wherein said
first and second network switches are releasably
connected to the base.

The I/O device as set forth in claim 2, wherein said
firstand second system modules are releasably con-
nected to the base.

The I/O device as set forth in claim 3, wherein a first
one of the single-channel I/O submodules of the first
1/0 module is identical to and connected to the same
wiring connections of the terminal block as a second
one of the single-channel I/O submodules of the sec-
ond I/0O module such that said first and second sin-
gle-channel I/0O submodules form a redundant pair
of single-channel 1/0 submodules each operatively
connected to: (i) both of said first and second system
modules; and, (ii) both of said first and second net-
work switches.

The 1/O device as set forth in claim 3, wherein each
of the single-channel /0O submodules of the first I/O
module is identical to and connected to the same
wiring connections of the terminal block as a respec-
tively corresponding one of the single-channel 1/O
submodules ofthe second I/O module such thateach
one of the single-channel /0O submodules of the first
1/0 module forms a redundant pair with said respec-
tively corresponding one of the single-channel I/O
submodules of the second I/0O module and such that
said first and second 1/0O modules are identical to
each other and are redundantly connected to both:
(i) said first and second system modules; and, (ii)
said wiring connections of said terminal block.

The 1/O device as set forth in claim 5, wherein the
single-channel I/O submodules each comprise at
least one of: a digital input/output submodule, an an-
alog input/output submodule, a safety input/output
module, a Highway Addressable Remote Transduc-
er (HART) input/output module, a resistance tem-
perature detector (RTD) input/output module, a ther-
mocouple input/output module.
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The 1/O device as set forth in claim 1, wherein a first
one of the single-channel I/O submodules of the first
I/O module is identical to and connected to the same
wiring connections of the terminal block as a second
one of the single-channel /O submodules of the sec-
ond I/0 module such that said first and second sin-
gle-channel I/O submodules form a redundant pair
of single-channel 1/O submodules each operatively
connected to: (i) both of said first and second system
modules; and, (ii) both of said first and second net-
work switches.

The I/O device as set forth in claim 7, wherein each
of the single-channel I/O submodules of the first /0O
module is identical to and connected to the same
wiring connections of the terminal block as a respec-
tively corresponding one of the single-channel 1/0
submodules of the second I/O module such thateach
one of the single-channel I/O submodules of the first
1/0 module forms a redundant pair with said respec-
tively corresponding one of the single-channel 1/0
submodules of the second I/0 module and such that
said first and second 1/0 modules are identical to
each other and are redundantly connected to both:
(i) said first and second system modules; and, (ii)
said wiring connections of said terminal block.

The I/O device as set forth in claim 8, wherein the
single-channel I/O submodules each comprise at
least one of: a digital input/output submodule, an an-
alog input/output submodule, a safety input/output
module, a Highway Addressable Remote Transduc-
er (HART) input/output module, a resistance tem-
perature detector (RTD) input/output module, a ther-
mocouple input/output module.

The 1/O device as set forth in claim 1, wherein each
of said single-channel /O submodules is releasably
connected to the base by a selectively releasably
mechanical latch comprising a twist-latch or a push-
button latch.
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